Objective: Despite advances in cervical cancer prevention and diagnosis, outcomes for patients given a diagnosis of advanced and recurrent disease are poor. In the GOG240 trial, the addition of bevacizumab to paclitaxel-topotecan or paclitaxel-cisplatin has been shown to prolong survival compared with paclitaxel-topotecan or paclitaxel-cisplatin in patients with persistent, recurrent, or metastatic disease. However, standards of care vary between regions and countries. The purpose of this systematic review and network meta-analysis was to enable a comparison between bevacizumab + chemotherapy with multiple monotherapy or combination chemotherapy regimens in the treatment for women with advanced, recurrent, or persistent cervical cancer. Methods/Materials: A systematic literature review was conducted to identify randomized or nonrandomized controlled trials of patients with recurrent, persistent, or metastatic cervical cancer published in English from 1999 to 2015. A feasibility study was performed to assess the heterogeneity of the trials, and a network meta-analysis was conducted. Fixed-and random-effects models were fitted to calculate the hazard ratio for overall survival (OS) for all pairwise comparisons and ranking of all interventions. Results: Twenty-three studies (19 trials) met inclusion criteria and were included in the review. Sample sizes ranged from 69 to 452, and median patient age ranged from 45 to 53 years. There was a trend toward prolonged OS with cisplatin-paclitaxel-bevacizumab and topotecan-paclitaxel-bevacizumab compared with all nonYbevacizumab-containing therapies. Cisplatin-paclitaxel-bevacizumab had the highest probability of being the most efficacious compared with all regimens (68.1%), and cisplatin monotherapy had the lowest (0%).
W orldwide, cervical cancer represents the fourth most common cancer in women, behind lung, breast, and colorectal cancer. 1 The World Health Organization estimates that 528,000 new cervical cancer cases were diagnosed in 2012. 2 Of these, approximately 85% occur in less developed regions, where cervical cancer is the second most common cancer in women 3 and accounts for nearly 12% of all female cancers. 4 The global burden of cervical cancer results primarily from difficulty implementing cytology-based screening programs due to economic, infrastructural, social, religious, cultural, and political barriers. 5 Mortality rates vary considerably across global regions based on economic development, with rates ranging from less than 2 per 100,000 (Western Asia, Western Europe, Australia/New Zealand) to 27.6 per 100,000 (Eastern Africa). 4 Despite advances in cervical cancer prevention and diagnosis, outcomes for patients given a diagnosis of advanced and recurrent disease are poor. In the United States, the 5-year survival rate for locally advanced cervical cancer is 57%; for International Federation of Gynecology and Obstetrics stage IV disease, 16% or less 6 ; and for recurrent disease, less than 5%. 7 In the setting of metastatic or recurrent disease, treatment is palliative, aiming to prolong survival and maintain or improve quality of life. Various combinations of cisplatin, paclitaxel, bevacizumab, carboplatin, topotecan, and gemcitabine are recommended as first-line therapies. 8 The European Society for Medical Oncology and National Institute for Health and Care Excellence guidelines highlight cisplatin-topotecan combination therapy as a favorable treatment option for women with recurrent or stage IVB cervical cancer, whereas paclitaxelcarboplatin and other chemotherapy combinations are standards of care in some countries. 9, 10 A recent systematic literature review found carboplatin-paclitaxel to be equally effective and less toxic than cisplatin-paclitaxel as the first-line therapy for metastatic cervical cancer. 11 However, despite advances in standard chemotherapy, overall survival (OS) times have remained short, indicating the chemoresistant nature of cervical cancer relative to other gynecologic malignancies. 12 Targeting angiogenesis has emerged as an important therapeutic strategy in the management of advanced cervical cancer. Bevacizumab is a humanized monoclonal antibody directed against vascular endothelial growth factor, the central mediator of tumor angiogenesis. 13 In the first phase III randomized trial of bevacizumab for advanced cervical cancer (GOG240), the addition of bevacizumab to paclitaxeltopotecan or paclitaxel-cisplatin significantly prolonged survival compared with paclitaxel-topotecan or paclitaxel-cisplatin in patients with persistent, recurrent, or metastatic disease. 12 Bevacizumab is approved in the United States, the European Union, and other countries (eg, Brazil) for the treatment of cervical cancer, in combination with paclitaxel and cisplatin or paclitaxel and topotecan in persistent, recurrent, or metastatic disease. 14 Given that the standards of care in some countries are different from the comparator arms in the GOG240 trial, there is an interest for physicians and payers to evaluate the effect of bevacizumab in combination with paclitaxel-topotecan or paclitaxel-cisplatin compared with the standard of care in their countries or regions. In the absence of head-to-head comparison, an indirect estimate for the relative effect could be obtained via a common comparator, as suggested by Bucher et al. 15 Network meta-analyses (NMAs) combine evidence from both direct and indirect comparisons. An NMA provides estimates of relative effect of all pairwise comparisons and builds a hierarchy of all available treatments. 16 Furthermore, the outputs of NMAbased relative effect can be used in a full economic appraisal of competing interventions to assess cost-effectiveness. We therefore performed this systematic review and NMA to enable comparisons among all available therapies in the treatment for women with advanced, recurrent, or persistent cervical cancer.
MATERIALS AND METHODS

Systematic Review
A systematic review of the literature, using PubMed/ MEDLINE, The Cochrane Library, and EMBASE, was conducted to identify relevant studies meeting prespecified inclusion criteria. Using the PICOS framework, 17 a clinical trials search strategy was designed to identify randomized controlled trials (RCTs) or controlled nonrandomized trials involving patients with recurrent, persistent, or metastatic cervical cancer and published in English from 1999 to 2014. The year 1999 was chosen because the standard of care in this disease area changed in this year. Trials conducted after 1999 are considered more homogeneous to the GOG240 study. Controlled nonrandomized trials were included to provide a comprehensive representation of all available treatments in this disease area. The quantitative analyses will be performed using RCTs only. In the event of an insufficient number of RCTs, controlled nonrandomized trials could be used to fill the potential gaps. Standard operational definitions of ''recurrent,'' ''persistent,'' ''refractory,'' and ''metastatic cervical cancer'' were used. 
Article Screening and Data Abstraction
In a 2-step process, 2 reviewers independently determined whether the studies met inclusion criteria. Discrepancies were resolved by consensus, and a third reviewer adjudicated unresolved disputes. Information that was abstracted from the final set of articles included study design and methodology, patient characteristics, disease status and tumor stage, treatments, outcome analyses, and efficacy outcomes. Two independent reviewers assessed the final set of articles for study design quality, and discrepancies were resolved by consensus. The NICE and CONSORT checklists were used to assess the quality of RCTs. 18, 19 Feasibility Assessment for NMA A feasibility assessment was performed to assess the heterogeneity of the clinical trials identified by the systematic review and to determine the extent to which the study results could be combined into an NMA. This assessment was based on the inclusion/exclusion criteria used in the literature review. An article was excluded if it did not report OS as an efficacy outcome and/or if it only investigated treatments that were not evaluated in other articles. Trials that included the same treatment arm were compared with regard to patient characteristics, previous platinum exposure, disease stage, inclusion/exclusion criteria, and treatment regimen. The data from the studies meeting these more stringent NMA inclusion criteria were analyzed with respect to the therapeutic efficacy of different drug combinations for prolonging OS, allowing construction of the OS-specific network.
Statistics
The NMA analysis was conducted within a Bayesian framework using WinBUGS code 20 for the fixed-and random-effects models. A natural logarithm of the hazard ratio (lnHR) was used to estimate within-trial treatment differences in OS. 20 Estimates of the mean and standard error for the lnHR from each trial, as well as the variance of the reference treatment, were in accordance with Woods et al. 21 The natural logarithm of the HR was obtained from the midpoint between the lower and upper limits of the 95% confidence interval (CI). A natural logarithm of the HR less than 0 was indicative of shorter mean OS times in the comparator arm; lnHR of greater than 0 was identified as a longer OS. Overall survival was selected for the NMA because it is the most relevant end point for this disease.
The NMAs were fitted by Markov chain Monte Carlo techniques and implemented in WinBUGS. 22 The first 50,000 iterations were discarded as a burn-in period to lessen the influence of the starting values and wait for the chains to converge to the target distribution. Models were run using 3 chains. A thinning of 10 was applied to reduce the autocorrelation of the series. The chains were run long enough to collect 50,000 values for each chain.
An informative prior for the lnHR was applied in the random-effects model because of the fact that each comparison is informed by only 1 trial. It was assumed that the prior distribution for the lnHR followed a normal distribution with a mean (SD) of 0 (0.7) (corresponding to HRs between 0.25 and 3.94). As the range of HRs corresponding to the standard deviations were large enough and cover the HRs that were reported in all of the publications for this analysis, the informative priors are considered reasonable. An adjustment for the correlation in multiarm trials was also incorporated by following the approach of Dias et al. 20 The NMA results were reported as median posterior HRs with corresponding 95% credible intervals (CrIs). Furthermore, posterior probabilities of being each possible ranking (first best, second best, etc) were obtained as the proportion of all iterations.
RESULTS
Systematic Review and Included Studies
Twenty-three articles (19 trials) met inclusion criteria and were included in the review. Seven eligible systematic reviews encompassing 145 clinical trials were identified; all of these had already been included in the literature search. No additional publications of unique clinical trials were identified by the registry searches.
The PRISMA flow diagram in Figure 1 provides details regarding screening, eligibility assessment, and reasons for article exclusions for the systematic review. These further exclusions were necessary for preparation of the NMA. Three articles were excluded because they reported results for health-related quality of life only. 23Y25 Eight additional articles were excluded because the treatment regimens could not be linked to other studies in the network. 26Y33 The remaining 12 articles, 12,34Y44 representing 11 different trials, were evaluated for heterogeneity, including potential differences in definitions and staging. Trials including the following treatment regimens were compared for heterogeneity: cisplatin, 34, 38, 39, 41, 44 cisplatin-paclitaxel, 12, 36, 37, 40, 41 cisplatin-topotecan, 35,38Y40,43 paclitaxel-topotecan, 12, 43 and paclitaxel-carboplatin. 36, 42 Of these 11 trials, only those that reported HRs or reported data that could be used to estimate HRs for OS were included in the NMA. Under these criteria, the OS-specific network (Fig. 2) Review of Bevacizumab + Chemotherapy * 2017 IGCS and ESGO duration) and patient characteristics, including age, disease stage, and previous exposure to platinum-based therapies; all trials included in the OS network were RCTs. The HRs and lnHRs from these 5 included trials are provided in Table 2 , which shows data extracted from each article. Additional HRs of pairwise comparisons from the GOG240 trial were provided by Roche (Roche, data on file). For the GOG179 trial, HRs for cisplatin-topotecan versus cisplatin monotherapy were estimated from the final report, 38 and HRs for cisplatin-methotrexate-vinblastine-doxorubicin versus cisplatin monotherapy were taken from the interim report. 39 These are the input data to the NMA.
Network meta-analysis of OS Table 3 The NMA results suggest that cisplatin-paclitaxelbevacizumab and topotecan-paclitaxel-bevacizumab were likely to prolong OS compared with all nonYbevacizumab-containing therapies (range of median HR, 0.45Y0.75, for cisplatin-paclitaxelbevacizumab; range of median HR, 0.55Y0.90, topotecanpaclitaxel-bevacizumab). For most other comparisons, results are uncertain because CrIs included a value of 1. The large CrIs are a result of a couple of factors: the number of trials included in the NMA is small, each comparison is informed by only 1 trial, and the number of OS events is relatively small across trials. Results from the random-effects model were similar, although the CrIs were even larger as a result of incorporating both within-and between-study heterogeneity (data not shown).
By ranking of therapies, cisplatin-paclitaxel-bevacizumab had the highest probability of being the most efficacious compared with all other regimens (68.1%; median rank, 1; CrI, 1Y4), and cisplatin monotherapy had the lowest (0%; median rank, 11; CrI, 7Y11) (Table 4 ). Other rankings showed high variability, with topotecan-paclitaxel-bevacizumab scores having the third highest probability of being the most efficacious treatment, cisplatin-paclitaxel having the fifth highest probability of being the most efficacious, and cisplatin-topotecan having the eighth highest probability of being the most efficacious.
DISCUSSION
The results of this systematic review and NMA show that cisplatin-paclitaxel-bevacizumab and topotecan-paclitaxelbevacizumab have the highest probability of being efficacious and demonstrate a trend toward improved OS compared with carboplatin-paclitaxel and other nonYbevacizumab-containing therapies. In contrast, cisplatin monotherapy has the lowest probability of improved OS. The equivalent effects of carboplatin-paclitaxel and cisplatin-paclitaxel suggest that the use of bevacizumab in combination with carboplatin-paclitaxel TABLE 1. may also prolong OS, although further clinical studies and/or real-world data are needed to test this hypothesis. These findings support the large body of evidence demonstrating the survival benefit of bevacizumab when added to standard chemotherapy for advanced, persistent, and recurrent cervical cancer. The unique biologic suitability of antiangiogenic therapy in treating highly vascular neoplasms, its high clinical tolerability, and synergism with standard chemotherapeutic agents have led to its adoption of bevacizumab as the standard of care for patients with advanced cervical cancer. 45 To date, bevacizumab is the only antiangiogenesis agent with demonstrated significant activity against advanced and recurrent cervical cancer. 13 Systematic reviews and meta-analyses of RCTs are considered an important component of evidence for informing clinical practice guidelines and standards of care. Network meta-analysis is an extension of meta-analysis and enables comparisons of interventions that have not been compared head-to-head for the same condition. The results of an NMA could be incorporated in the economic evaluation via costeffectiveness analysis. Therefore, NMAs provide very useful information for clinical practice and reimbursement decision making. In a recent systematic literature review comparing standard chemotherapy regimens, carboplatin-paclitaxel was shown to be equally effective and less toxic than cisplatinpaclitaxel as the first-line therapy for metastatic cervical cancer. 11 The evidence supporting the use of bevacizumab in cervical cancer is well established, but its comparative effectiveness with chemotherapy regimens that were not included in the pivotal GOG240 trial has not been previously evaluated. The use of this NMA allows for indirect comparisons of bevacizumab plus chemotherapy treatments with chemotherapy regimens that have not previously been compared directly. To our knowledge, this study is the first one that applied NMA methodology to the treatment of advanced and recurrent cervical cancer. This was a comprehensive systematic review with a low probability of missing any publication, thereby limiting publication bias. Through feasibility assessment, the network was limited to trials with a population similar to GOG240. Although the statistical heterogeneity could not be assessed, the clinical heterogeneity was reduced by including similar trials in the NMA. In this study, among all relevant comparators, treatment of advanced cervical cancer with cisplatin-paclitaxelbevacizumab has the highest probability of efficacy, and cisplatin monotherapy has the lowest. Combined with existing evidence that bevacizumab added to chemotherapy improves outcomes without significant deterioration in health-related quality of life, 12 these results underscore the growing role of bevacizumab in the treatment of advanced cervical cancer.
The results of our NMA should be interpreted taking into account a number of limitations. A pertinent limitation of this study is the small number of trials in the network with many different treatment regimens. This was also experienced in the systematic review by Lorusso et al. 11 Many studies in our analysis did not report OS or had no common regimens to be linked with other studies, and we included studies with greater homogeneity. Therefore, only a small number of trials met inclusion criteria for this analysis. Because each comparison was informed by only 1 clinical study, a full statistical analysis of heterogeneity could not be performed. This limitation also precluded any sophisticated statistical analysis (eg, meta-regression). For the random-effects model, an informative prior had to be used; however, we believe the selection of this prior distribution was conducted in a reasonable manner because the ranges included all values reported in the literature and our base case analysis was the fixed-effects model. With regard to the assessment of study quality, many articles did not include important methodological details that would have allowed for a more comprehensive study assessment. In addition, potential sources of bias included study-specific inclusion/exclusion criteria and proportions of platinum-naive patients, as well as publication bias inherent to the process of systematic literature review. All literature reviews are limited by publication bias with respect to the articles that are available and which studies may be more likely to report significant findings. In addition, articles included in this review were constrained to those published in English. However, despite these limitations, the review was systematic and comprehensive and included manual searches of clinical registries and conference Web sites in addition to the systematic searches of the MEDLINE, EMBASE, and Cochrane databases. Despite these limitations, this systematic review and NMA effectively synthesize clinical evidence in the published literature establishing the benefit of bevacizumab added to standard chemotherapy in recurrent, persistent, and metastatic cervical cancer. 
